The electrochemical behaviour of platinum as a regenerator electrode during the photolysis of buffered aqueous solutions of ferrocyanide ([Fe(CN) 
Introduction
The stability domain of Pt almost completely overlaps the stability domain of water as a result of the very noble nature of Pt. In comparison with the other elements in its group, Pt possesses the greatest zone of immunity to corrosion over the entire pH scale. Figure 1 is the Pourbaix diagram (1) for Pt and gold and shows their respective zones of stability in water at room temperature. According to Figure 1 , Au has a wider potential window of immunity against corrosion than does Pt. However, the data show the oxidation of water to oxygen at different pHs below the immunity line of Au and this fact limits the use of Au in tracing the photolysis of water in aqueous systems containing redox couples with more positive potentials than those studied using Pt.
Historically, the use of Pt electrodes in electrochemical cells has been well known. Traditionally, Pt electrodes have been used for H 2 production by the electrolysis of water. However, the use of Pt in photoelectrochemical studies has only recently been reported (2) (3) (4) (5) (6) (7) (8) . These include investigations of the photoelectrochemical behaviour of platinum/titanium dioxide (Pt/TiO 2 ) nanocomposite thin fi lm electrodes (2, 3, 5, 6) , as well as reports on the role of Pt in dye-sensitised solar cells (4) , in the formation of metal hydrides (7) and in the photocatalytic degradation of 2,4,6-trinitrotoluene (TNT) (8) . Other studies have used modifi ed Pt electrodes with chlorophyll liquid crystals for photosynthesis (9) , with mercury(II) sulfi de (10) in photodegradation applications, and to enhance the activity of H 2 production and the dechlorination of tetrachloromethane (CCl 4 ) (11) .
The in which e/h is the electron/hole pair and SC is the semiconductor. Previous studies have used semiconductor particles as a major means of photon capture and conversion through heterogeneous charge transfer processes at the particle/electrolyte interface (14) (15) (16) EMF source is operating using photovoltaic solar cells (Figure 2) . In this paper, the electrochemical behaviour of Pt as a regenerator electrode (cathode) to ensure full reversibility of Reaction (i) is investigated in aqueous pH 6 phosphate buffer containing 0.02 M [Fe(CN) 6 ] 4-in the absence and presence of colloidal cadmium sulfi de (CdS) or titanium dioxide/vanadium(V) oxide (TiO 2 /V 2 O 5 ) (1:1) nanoparticles. The current generated by the Pt regenerator electrode under illumination will be used to examine the usefulness of Pt as an effective working electrode in photoelectrochemical studies.
Experimental
All the reagents were of analytical grade. All of the solutions were prepared using deionised water, unless otherwise stated.
All electrochemical experiments were carried out using a conventional three-electrode cell with Pt wire as a counter electrode, silver/silver chloride (Ag/AgCl) as a reference electrode, and Pt gauze as working electrode. A BAS 100W Electrochemical Analyzer (Bioanalytical Systems, Inc, USA) was used to perform the electrochemical studies. Steady state refl ectance spectra were recorded using a Shimadzu UV-2101 PC spectrophotometer (Shimadzu Corp, USA). An Olympus BX-FLA refl ected light fl uorescence microscope (Olympus Corp, Japan) working with polarised light at a wavelength range between 330 nm and 550 nm was used to ensure that the diameter of the colloidal nanoparticles did not exceed 200 nm. For this study H 2 gas was detected using a HY-ALERTA™ 500 Handheld Hydrogen Leak Detector (H2scan, USA). Quantitative determination of H 2 and confi rmation of the stoichiometry of Reaction (iii) has been previously accomplished (12) .
The electrolysis cell was a 120 ml one-compartment Pyrex cell with a quartz window facing the irradiation source. A 10 cm 2 Pt gauze cylinder was used as the regenerator electrode. Aqueous suspensions were stirred with a magnetic stirrer during the measurements. The cell design is displayed in Figure 2 . An Ag/ AgCl/Cl -reference electrode was also fi tted into this compartment. A 10 cm 2 Pt counter electrode was housed in a glass cylinder sealed at one end with a fi ne porosity glass frit. The pH was adjusted by addition of either 1 M sodium hydroxide (NaOH) or 1 M nitric acid (HNO 3 ). The external EMF used in this study was supplied by a traditional potentiostat in place of the photovoltaic generator and light-powered potentiostat indicated in Figure 2 .
Irradiations were performed with a solar simulator 300 W xenon lamp (Newport Corp, USA) with an infrared (IR) fi lter. Light was focused on the cell . It is important that the electrode must be in a pure state and that no oxides will be formed on the surface that could affect the kinetics of the reduction process. The Pourbaix diagram (1) for platinum/water at 25ºC, displayed in Figure 1 , indicates that Pt is not subject to corrosion and is in its pure form within the potential range of -0.1 to 0.3 V vs. standard hydrogen electrode (SHE) at pH 6. This range is narrowed as pH increases (Figure 1, shaded zone A) . Furthermore, it was found that at pH less than 6, K 4 
Fig. 3. Effect of pH on the reduction current recorded by the Pt working electrode

Comparison of Electrochemical Behaviour of Platinum Electrode in Heterogeneous and Homogeneous Systems
Nanoparticles in the suspension system used in these studies cannot be subject to the traditional classifi cation of semiconductors as n-or p-types. This is because, in isolated nanoparticle suspensions, neither the hole nor the electron can be collected and transferred through conductors to outside donors or acceptors. Instead, they act as a 'nano cell'. Charge separation can be achieved either by neutralising the positive holes (h) using hole scavengers such as multicharged anions, or by capturing one or more electrons using appropriate Lewis acids. The kinetics of each process will determine which process predominates. These features also explain how the semiconductor nanoparticles made the reversibility of Reaction (i) possible. It is worth noting that the plateau current is either constant (as in Figure 4(b) ) or slightly decreases with time (as in Figure 4(c) ). This can be explained using Figure 5 . Less adsorption will generate a lower drop in the peak reduction current reported for the Pt electrode ( Figure 5(a) ). The steady, constant reduction current at the plateau ( Figure  5(b) ) refl ects an effi cient reversible adsorption/ desorption process (19, 23) at the semiconductor nanoparticle surfaces. 6 ] surface. The areas labelled B in Figure 5 not only illustrate the extent of photon capture by the semiconductor nanoparticles during illumination, but also the effi ciency of the semiconductor nanoparticles in cycling Reaction (i).
Dark Current
The behaviour of the Pt regenerator electrode in the absence of light can be explained by investigation of the areas labelled C in Figure 5 , which represent electrochemical reduction current in the absence of light (dark current). In both the homogeneous and the heterogeneous systems studied in this work, the electrochemical reduction currents were expected to drop to zero in the dark. However this drop was not observed, as Figure 4 illustrates. The reported electrochemical reduction current in the dark for the homogeneous phase of the system can be attributed to the radial diffusion of [Fe(CN) 6 ] 3-in the cylindrical zone of the Pt gauze electrode (Figure 2) . The shape of the working electrode disrupts the continuity of the stirring effects. This makes the diffusion within the cylindrical shape an important factor for the reduction current.
Conclusion
The electrochemical reduction current recorded for the Pt regenerator electrode during the photolysis of aqueous solutions of ferrocyanide in suspensions of semiconductor nanoparticles of CdS or TiO 2 /V 2 O 5 clearly indicates the usefulness of Pt as a regenerator electrode in water photolysis. When a reaction that can take place in a photoelectrochemical process has a redox potential within the potential range under which Pt is in its pure state, reliable results can be produced. Platinum is also expected to give better results over a wider range of conditions than gold, on the basis of its Pourbaix diagram.
